Objective: The aim of this study is to compare ceftriaxone and cefazoline sodium antibiotic prophylaxis in terms of development of Systemic Inflammatory Response syndrome (SIRS)/urosepsis in patients undergoing percutaneous nephrolithotomy (PCNL).
Introduction
Percutaneous nephrolithotomy (PCNL) is the preferred method for removal of renal calculi in patients with large or complex stone burden (1, 2) . However, some perioperative and postoperative complications may develop (3) . Fever and bleeding are the most common complications, while sepsis is a rare complication following PCNL (4) . Sepsis has been reported to have an incidence of 9.8-37%, while severe sepsis and septic shock occur in 0.3-4.7%, with an increased risk of mortality (4, 5, 6) .
In general, administration of prophylactic antibiotics prior to surgery is performed according to the type of surgery. Inappropriate antibiotics or excessive use of broad-spectrum antibiotics (e.g. 3 rd generation cephalosporins, carbapenems or quinolones) in daily practice might be blamed for the development of bacterial resistance and increased risk of nosocomial infections. Instead of relying on empirical antibiotic regimens, it has been recommended to obtain urine samples from renal pelvis and stone cultures to guide the treatment in patients undergoing surgery for renal stones (6, 7, 8) .
The aim of this prospective study is to compare SIRS and sepsis rates after administration of two commonly used antibiotics: ceftriaxone (third generation cephalosporin) and cefazolin sodium (first generation cephalosporin) for the antibiotic prophylaxis in PCNL. Furthermore, parameters that would predict sepsis and SIRS rates are evaluated.
Materials and Methods
The study was conducted between June 2015 and October 2015, with the approval of the local ethics committee (dated on 21/06/2015, law no: 06). Informed consent was obtained from all patients prior to surgery.
Patients with renal stones >2 cm and obstructing renal stones or progressive hydronephrosis or presented with renal colic were included. Exclusion criteria included fever prior to PCNL, diabetes mellitus (DM), hypertension, chronic obstructive pulmonary disease (COPD), coronary artery disease, patients who were immune compromised or received immunosuppressive therapy, history of any antibiotic treatment in the last 1 month, bilateral PCNL, preoperative urine culture positivity and >70 years of age. Block randomization was used for this study.
Location and size of the stones were determined either with intravenous urography or unenhanced computed tomography (CT). The surface areas of the stones were obtained by unenhanced CT, by multiplying the longest diameter of the stone and the diameter perpendicular to this, and then multiplying the afore-mentioned result by πx0.25. In the presence of multiple stones, surface area for each stone was calculated separately, and the total stone burden was noted. Obstruction that led to grade 1 and 2 (as per Society for Fetal Urology grading system) hydronephrosis were assessed as mild obstruction, where those leading to grade 3 and 4 (as per Society for Fetal Urology grading system) were assessed as severe (9) .
Patients were randomly divided into 2 groups regarding antibiotic prophylaxis: ceftriaxone or cefazoline sodium. Antibiotic prophylaxis was administered 30 minutes before the induction of anesthesia. Dose was 1 gr i.v. for both antibiotics and additional dose was administered in cases with a longer than 2 hours of duration in the cefazoline sodium group. Antibiotic was continued at a daily dose of 2x1 gr i.v. till the nephrostomy was removed.
All of the patients underwent surgery following the standard premedication under intratracheal general anesthesia. PCNL was performed in standard prone technique, using balloon dilator of up to 30 Fr and an Amplatz sheath. Povidone-iodine (10%) was applied in all patients for skin disinfection. After percutaneous access was obtained, urine cultures from renal pelvis were collected from all patients. The threshold of positivity of urine culture was accepted 10 5 CFU/mL in all urine samples.
As eluent, 0.9% saline was used for irrigation and a Y-TUR kit with a pump that would provide continuous irrigation (Bıçakçılar®, arthroscopy set-with puar, Turkiye) was connected to the nephroscope (Karl Storz®, Germany). The stones were divided into small pieces using the pneumatic lithotripter (ELMED® AŞ, Turkiye) and extracted. The extracted stones were crushed on the surgical Information about early postoperative complications such as bleeding, extravasation, infection and fever were recorded under the scope of the study. The complications were classified according to the modified Clavien classification system (10).
After surgery, patients were monitored closely in the first 48 hours. Urine and blood culture samples were obtained from all of the patients who developed fever in the postoperative period. SIRS was defined as the development of two of four criteria, namely body temperature <36 °C or >38 °C, heart rate >90 beats/ min, respiratory rate >20/min and white cell count >12.000/ mL or <4.000/mL (11) . Sepsis was defined as the presence of a source of infection together with SIRS (11). Patients were adequately hydrated, treated with analgesics, and other causes for SIRS. Situation such as phlebitis or atelectasis were ruled out by physical examination and chest X-ray. Results of serum C reactive protein (CRP), perioperative/postoperative urine, stone, renal pelvis urine and blood cultures were evaluated and treatment was arranged accordingly.
Patients were evaluated for residual stone in the postoperative period with X-ray or ultrasonography. CT was performed when necessary. Residual stones of ≤4 mm were considered as clinically insignificant residuals fragments.
In our study, the relationship between SIRS/sepsis and duration of surgery, stone burden, duration of nephrostomy, placement of DJ catheter, presence of severe obstruction, residual stone, renal pelvis urine and stone cultures results were analyzed.
Statistical Analysis
Descriptive statistics for continuous variables were expressed as average, standard deviation, minimum and maximum values; and for categorical variables, numbers and percentages were used. One-way ANOVA test was used for the comparison of the parametric groups in terms of continuous variables, and MannWhitney U test was used for the non-parametric groups. Chisquare test was used for determining the relationship between groups and the categorical variables. The SPSS (ver.20) statistical package was used, and a p value of <0.05 was accepted as statistically significant.
Results
A total of 62 patients were enrolled in the study. ceftriaxone group with SIRS positivity (28.5%) showed growth in renal pelvis urine culture. On the other hand, 2 of 4 patients with SIRS positivity (50%) observed renal pelvis urine culture positivity in the cefazoline sodium group. All of cultures were noted to have resistance to ceftriaxone and cefazoline sodium, therefore carbapenems were initiated.
In our study, stone culture positivity was observed in 11 patients. SIRS and renal pelvis urine culture positivity were seen in 3 of these patients (27.3%). Stone culture positivity was not associated with SIRS development in both groups (p=0.087 vs p=0.847).
No association was found between DJ stent placement, residual fragments, bleeding, and the absence of extravasation in terms of SIRS development (p>0.05, for all). Additionally, postoperative CRP levels were found to be statistically higher in SIRS (+) patients (p=0.008).
Increased duration of surgery in the ceftriaxone group (p=0.02), and renal pelvis urine culture positivity in the cefazoline group were found to be associated with SIRS (p=0.015). The comparisons of parameters related with SIRS in both groups were presented in ( Table 2 ).
The most commonly isolated microorganisms in stone culture samples were E. coli (31.2%), and Coagulase-negative Staphylococcus (CNS) family (31.2%). Most frequently isolated microorganism from the renal pelvis urine culture samples was CNS (38.4%). However, CNS was not found to predict urosepsis. Moreover, stone cultures were positive for Enterococcus, Pseudomonas pseudoalcaligenes and Candida spp.; 12.5%, 6.2% and 6.2%, respectively.
In terms of stone analysis, calcium stones were detected in 28 patients (45.1%), uric acid stones in 13 patients (20%), and calcium + uric acid stones in 9 patients (14.5%).
Discussion
The success of PCNL ranges between 72-98% in published large series (12, 13) . In our study, in accordance with the literature, the success rate of PCNL was found to be 83.9%.
The most common complications of PCNL were reported as fever (21- with preoperative sterile urine culture (19) . In their prospective study with 98 patients, Mariappan et al. (7) reported stone culture positivity in both of the patients who developed septic shock, infected stone culture in 4 of 7 patients and infected renal pelvis urine culture in 1 patient, in the treatment group that developed SIRS. In our study, despite a sterile midstream culture, renal pelvis urine culture positivity was 12.9%, and stone culture positivity was 17.7%. SIRS was determined in 50% of the patients with positive renal pelvis urine culture, and in 27.2% of the patients with positive stone culture.
Risk factors that facilitate the development of sepsis include underlying chronic diseases (DM, heart failure, chronic renal failure, COPD), AIDS, cytotoxic and immunosuppressive drug use, conditions that may cause immunosuppression such as malignancy and alcoholism, history of urinary tract infection, urinary tract anomalies, previous urinary tract catheterization and advanced age (20, 21) . These patients were excluded from our study in order to reduce bias in a relatively small cohort.
The most common complications of sepsis are shock and organ failure. Incidence of severe sepsis and septic shock is as low as 0.3-4.7% in PCNL or endoscopic procedures. However, it is a serious life-threatening complication and the mortality rate is up to 66% (4, 14, 20) . The organs/systems that carry the maximum risk for dysfunction or failure are the cardiovascular system, lungs, kidneys, liver, pancreas, gastrointestinal system, coagulation system and the CNS (22) . In our study, we observed 4 patients who developed sepsis with 2 patients in each group. Of those, respiratory distress developed in 1, and elevation of creatinine, which improved during follow-up, was observed in 2.
No mortality was observed in any patients in our study.
Despite no proven benefit of prophylactic antibiotic application in the presence of sterile urine in PCNL, the general trend is towards a short-term use of antibiotics. This is usually in the form of beginning before surgery and continuing for 48 hours. However, in cases with sterile pre operative urine culture and with no predictive risk factors for upper tract infections, there are studies reporting that single use of preoperative antibiotic administration would be sufficient (15, 19) . As those reports may represent a different geographic antibiotic resistance pattern and local bacterial resistance to antibiotics is a major problem in our country, our clinical approach is to keep the patient on i.v antibiotics until the nephrostomy tube is withdrawn.
Renal pelvis urine culture positivity, stone culture positivity, stone burden, duration of nephrostomy, using multiple accesses and increased duration of surgery were reported as the predictors of SIRS development (5, 15, 19) . We found prolonged operation time in ceftriaxone group and renal pelvis urine culture positivity in cefazoline group is associated with development of SIRS. (23) . The number of randomized controlled studies that report rates of infection according to the antibiotics that are used in endoscopic surgical procedures such as PCNL is still insufficient. Thus, we don't have a clear idea of which antibiotic should be chosen for prophylaxis in cases where the genitourinary system is involved such as PCNL. The lack of a specific algorithm and development of different prophylaxis insights of the clinics, unfortunately lead to development of resistance to antibiotics. There has been a similar prospective and randomized study in which the authors compared ciprofloxacin and ceftriaxone. However, no significant difference was observed between ciprofloxacin and ceftriaxone in terms of SIRS (15) . They reported the SIRS incidence after PCNL as 15.5% for the ciprofloxacin group and 8.8% for the ceftriaxone group. In our study, we compared 1 st and 3 rd generation cefalosporins, which have different antimicrobial spectrums. Our aim was to compare cefazoline sodium, which has a narrower spectrum, and is more effective on the skin flora and Gram-positive organisms, such as CNS, with ceftriaxone, which is more commonly preferred but has a broader spectrum. In our study, SIRS developed in a total of 4 patients (12.5%) in the cefazoline group, whereas a total of 7 patients (23.3%) in the ceftriaxone group. No statistically significant difference was observed between groups in terms of SIRS and sepsis. As the controlled randomized studies conducted with larger numbers increase, we believe that antibiotic prophylaxis for this particular procedure may be standardized.
E.coli is the most common organism isolated in PCNL or endoscopic procedures, as well as other microorganisms such as Proteus, Klebsiella, Enterobacter and Pseudomonas (24, 25) . In stone cultures; Gram (+) bacteria such as Enterococcus and Staphylococcus were reported (25) . In our study, CNS was the most common in all culture samples (stone + renal pelvis) followed by E. coli Additionally, E. coli with a rate of 31.2% and CNS with a rate of 31.2% were found in stone cultures. In a recent report of 11 patients who developed sepsis; 7 were positive for Gram-positive organisms, 2 for Candida, while only 1 for E. coli and Klebsiella (25) . The authors suggested that if sepsis were suspected, the initial antibiotic regimen should be an antibiotic directed against Gram-positive bacteria, such as Vancomycin or a Beta-lactam, and one to treat Gram-negative bacteria such as Gentamicin or Cefipime. Although Gram (+) bacteria were isolated in large ratios in the cultures in our study, similar antibiotic sensitivity rates were determined for cefazolin sodium and ceftriaxone. Imipenem was initiated in one of the patients who had developed sepsis in the cefazoline sodium group, ertapenem in another, and furthermore, ertapenem was started in one of the patients in the ceftriaxone group who had developed sepsis, and piperacillin + tazobactam in the other. In all of these patients, similar resistance rates to ceftriaxone and cefazoline sodium were observed in the culture antibiograms.
Study Limitations
Main limitation of our study is that no microscopic analysis of renal pelvis urine was performed. We suggest microscopic analysis of renal pelvis urine should be performed in future studies that facilitate earlier diagnosis of infectious complications.
Conclusion
In order to reduce the risk of microbial resistance, appropriate antibiotic prophylaxis should be chosen based on the intraoperative stone and renal pelvis urine culture results. In our study, there was no significant difference between two groups in terms of SIRS and sepsis following PCNL. Therefore, cefazoline, which has a narrower antimicrobial spectrum, may be preferred for prophylaxis.
Ethics
Ethics Committee Approval: All studies have been approved by the appropriate ethics committee and have, therefore, been performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments.
Informed Consent: All persons gave their informed consent prior to their inclusion in the study.
Peer-review:
Externally peer-reviewed.
Authorship Contributions
Consept: KT., AA., RE., RA., MG., Design: KT., AA., RE., RA., MG., Data Collection and/or Processing: KT., AA., RE., RA., MG., Analysis and/or Interpretation: KT., AA., RE., RA., MİD., MG., Literature Research: KT., AA., RE., RA., MİD., MG., Writing: KT., MİD.
